Mutagenic analysis of an invariant aspartate residue in chorismate synthase supports its role as an active site base.
Chorismate synthase catalyzes the anti-1,4-elimination of the 3-phosphate and the C(6proR) hydrogen from 5-enolpyruvylshikimate 3-phosphate (EPSP) to generate chorismate, the final product of the common shikimate pathway and a precursor for the biosynthesis of aromatic compounds. The enzyme has an absolute requirement for reduced FMN, which is thought to facilitate cleavage of C-O bonds by transiently donating an electron to the substrate. The crystal structure of the enzyme revealed that EPSP is bound near the flavin isoalloxazine ring with several invariant amino acid residues in contact with the substrate and/or cofactor. Here, we report the results of a mutagenesis study in which an invariant aspartate residue at position 367 of the Neurospora crassa chorismate synthase was replaced with alanine and asparagine. Both single mutant proteins (Asp367Ala and Asp367Asn) were comparable to the wild-type enzyme with respect to substrate and cofactor binding, indicating that Asp367 is not required for binding of either the flavin or the substrate. In sharp contrast to these results, the activity of both single mutant proteins was found to be 620 and 310 times lower for the Asp367Ala and Asp367Asn mutant proteins, respectively. This finding provides strong evidence that the carboxylate group of Asp367 plays a major role during the catalytic reaction. On the basis of the structure of the enzyme, our data provide the first experimental evidence that the carboxylate group of aspartate 367 participates in the deprotonation of N(5) of the reduced flavin cofactor, which in turn abstracts the C(6proR) hydrogen yielding chorismate as the product.